INTRODUCTION
Flaxseed Linum usitatissimum L. is a major oilseed crop cultivated commercially in various parts of the world, especially in Canada, China, USA, India, the EU and Argentina 1 . Flaxseed has been used for the production of oil, paint and other industrial products, and has increasingly gained particular interest in the human food system due to its rich nutritional components and medicinal values 2 .
Most of the nutritional and health benefits attributed to flaxseed are due to its constituent omega-3 fatty acid and phenolic compounds 3 . The by-product of the flaxseed oil extraction process is known as defatted flaxseed meal, and this contains large amounts of dietary fibre, lignans and proteins. Both flaxseed-derived dietary fibres and lignans possess human health benefits 3 . In 2006-2007, the world flaxseed meal production was estimated at 1.4 million tonnes 1 . Compared to other food, flaxseed possesses rich phenolic compounds profiles with a high amount of lignans 4 . The aim of this review is to realize a review on phenolic compounds of flaxseed bearing in mind their contents, structures and chemical-analytical. In particular, plant lignans quantified in flaxseed include secosisolariciresinol and matairesinol, although pinoresinol, isolariciresinol, and demethoxy-secoisolariciresinol have also been identified in flaxseed 6, 7 . Flaxseed is still the richest source of plant lignans due to its high content of secoisolariciresinoldiglucoside SDG . Moreover, Flaxseed has a large amount of phenolic acids, containing 800 to 1000 mg of these compounds per 100 g of seed. Esterified phenolic acids can reach 300 to 500 mg/100 g of seed 8 . Some studies have shown that soluble and insoluble phenolic acids constitute 54 and 29 , respectively, of the total phenolic acids in flaxseed flour 9 . Trans-ferulic and trans-cinnamic acids have been reported to be the major phenolic acids while trans-caffeic acid; p-coumaric acid, chlorogenic acid, gallic acid, sinapic acid, protocatechuic acid and phydroxybenzoic acid constitute the minor compounds found in dehulled and defatted flaxseed 9 . Flaxseed also contains other phenolic acids such as p-coumaric in the glucosylated forms and phenylpropanoids such as gentisic, vanillic, and sinapic acids 10 . Other phenolic compounds of interest have also been found in flaxseed, e.g. ferulic and vanillic acid 11 , the hydroxycinnamic acid derivatives, pcoumaric acid-4-β-glucoside, ferulic acid-4-β-glucoside 12 , Fig. 1 (A) Chemical structures of lignans from flaxseed 7) . (B) Chemical structures of other phenolic compounds from flaxseed 3) .
and the flavonoid herbacetin diglucoside 13 . Flavonoids constitute a major part of the phenolic compounds present in flaxseed, the total flavonoid content of flaxseeds ranges from 35 to 71 mg/100 g 12 . Flavone C-and O-glycosides are the main flavonoids found in flaxseed. The structures of phenolic compounds are diverse Fig. 1 . Secoisolariciresinol diglucoside SDG , the main lignan in flaxseed, is hardly present in an unbound from 14 , but is linked in a macromolecular structure, called the lignan macromolecule or lignan complex 15 , as represented in Fig. 2 . Early studies have suggested a straight chain oligomeric structure composed of five secoisolariciresinoldiglucoside SDG residues interconnected by four 3-hydroxy-3-methyl glutaric acid HMGA residues. However, a recent study has shown that hydroxycinnamic acid glucosides and ferulic acid residues are connected directly to SDG but that there is no linkage between HMGA and the hydroxycinnamic acid glucosides 16 . Hydroxybenzoic acids are based on a C6-C1-skeleton. Meanwhile, cinnamic acids are a series of trans-phenyl-3-propenoic acids with C6-C3 structures differing in their ring substitution and are commonly found as conjugates. Caffeic acid and its esters and ferulic acid are the phenolic acids most frequently encountered in flaxseed. In addition, chlorogenic acid is an ester of caffeoyl and quinic acids 17 .
IMPORTANCE OF PHENOLIC COMPOUNDS
Over the past 10 years, researchers have focused increasing attention on polyphenols, their great abundance in our diet, and their probable role in the prevention of various diseases associated with oxidative stress, such as cancer as well as cardiovascular and neurodegenerative diseases 18 . 20 . With a focus on phenolic compounds of flaxseed and in light of their importance, attention should be paid to the fact that this class of compounds has not been completely characterized due to the complexity of their chemical nature and the complexity of the matrix in which they are found.
EXTRACTION SYSTEMS OF PHENOLIC COMPOUNDS IN FLAXSEED
The choice of method for the extraction of phenolic compounds depends on their molecular structure. Less polar phenolic compounds can be extracted by hexane but in contrast, SECO, with a higher polarity, can be extracted by polar solvents such as aqueous methanol or ethanol 21 .
The modern techniques include: liquid-liquid extraction LLE , supercritical fluid extraction SFE , pressurized liquid extraction PLE , microwave-assisted extraction MAE , and ultrasound-assisted extraction UAE 22 . The particular phenolic findings in flaxseed depend on the extraction performed to analyse them. Various organic solvents followed by hydrolysis treatment have been used in several studies to promote the release of phenolic compounds. For the analysis of SDG, alkaline hydrolysis with sodium hydroxide has been reported as an effective method 24 . However, research to identify some compounds is still from conclusive, since phenolics such as pinoresinol or matairesinol have been found after solvent extraction followed by acid and enzymatic hydrolysis. Extraction methods vary widely depending on the sample and the . Isolation of the fragm e n t s o f t h e l i g n a n macromolecule by preparative RPHPLC and identification by MS and NMR phytoestrogen of interest. Flaxseed phenols have usually been extracted with organic solvents sometimes mixed with water 25 , but the use of supercritical fluid SCF extraction has also been reported 26 . Methods for the extracting and quantifying phenolic compounds in flaxseed are listed in Table 1 .
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NEW ANALYTICAL METHODS FOR STUDYING PHENOLIC COMPOUNDS DURING THE LAST DECADE
Different techniques have been used during the last decade to study the phenolic compounds in flaxseed and other food sources. Various chromatography HPLC and Capillary Electrophoresis gas chromatography CE with mass spectrometry MS have been found as valuable for the separation of these compounds. An excellent review by Herchi et al. 27 provides outstanding information on different analytical methods for flaxseed compounds. Identification and quantification of phenolic compounds in flaxseed, based traditionally on HPLC with different detectors, such as UV, fluorescence, coulometric electrode-array detection and, recently, CE-UV, can be aided today by MS and NMR, which is a focus of the present review. Table 1 provides an overview of methodologies used for the analysis of phenolic compounds in flaxseed extracts. Smeds et al. 28 reported a method for quantifying the major lignan precursors based on a liquid chromatography-tandem mass spectrometry LC-MS/MS High-performance thin-layer chromatographic . The method proved precise and accurate and could be used for the direct quantitative determination of SDG both in simple and in complex matrices 13 . Hano et al. 14 used liquid-chromatography nuclear magnetic resonance spectroscopy-mass spectrometry LC-NMR-MS coupling to separate and characterize Lignan phenolic comp o u n d s d u r i n g f l a x s e e d d e v e l o p m e n t . L i q u i d chromatography/mass spectrometry LC-MS has been widely accepted as the main tool in identification, structural characterization, and quantitative analysis of phenolic compounds in flaxseed. Using a mass spectrometer for detection offers some undoubted advantages, such as independence of a chromo-or fluorophore, lower LOD than UV in most cases, the possibility of gaining structural information, and easy separation of coeluting peaks using the information on mass as a second dimension 19, 27, 29 . The sensitivity of the response in MS clearly depends on the interface technology used. In LC-MS analysis of phenolic compounds, atmospheric pressure ionization interfaces, i.e. APCI and electrospray ionization ESI , are used almost exclusively today, and both positive and negative ionization are applied. In general, phenolic compounds are detected with greater sensitivity in the negative ion mode, but the results from positive and negative ion modes are complementary, and the positive ion mode shows structurally significant fragments 30, 31 . On the other hand, optimal ionization depends not only on the interface parameters, but also on the mobile phase of the liquid chromatography. The mobile-phase composition and its pH also need careful optimisation, as they may influence the ionization efficiency of the analytes. The selection of the analyser, apart from its accessibility, is determined by the required sensitivity and selectivity and the general objectives. LC-atmospheric pressure ionization API -MS typically yields only a single strong ion, which reduces its ability to make accurate analyte identifications. In most cases, single-stage MS is used in combination with UV detection to facilitate the identification of phenolic compounds in flaxseed samples with the help of standards and/or reference data. MS/MS and MSn involve two or more stages of mass analysis, separated by a fragmentation step. TOF MS, which is one of the most advanced MS analysers, provides excellent mass accuracy over a wide dynamic range if modern detector technology is chosen. The latter, moreover, enables measurements of the correct isotopic pattern, providing important additional information for the determination of elemental composition 19 . High-resolution spectroscopic techniques, and particularly NMR spectroscopy, are finding useful applications in the analysis of complex mixtures of various food extracts that contain phenols. During the past decade, proton nuclear magnetic resonance spectroscopy NMR has been successfully used in flaxseed analysis 14 .
Coupled techniques such as LC-NMR or LC-NMR/MS may provide information on overall composition and enable the identification of individual phenols in complex matrices 14 .
Although compared with HPLC, CE is a relatively new With the use of mass spectrometric detection, differences in optical detection need to be considered. First, the separation electrolyte should be volatile, reducing the choice of buffering system to boric acid. Generally, non-aqueous solvents are well-suited for hyphenation with MS and add another parameter to modify selectivity. During the last decade, concerning phenolic compounds present in flaxseed, it is possible to find reports in which applicative work is carried out. Here in, the publications including CE are summarized Table 2 .
CONCLUSIONS
The methods most commonly used for phenolic determination in flaxseed are based on HPLC, and recently on CE, coupled with different detector systems UV, coulometric . Even the literature regarding phenolic compounds of flaxseed were deeply analyzed, this class of compounds is still not completely studied, because of the complexity of their chemical nature and the complexity of the matrix in which they are found. During the last 10 years, NMR and MS have become indispensable for studying the qualitative-quantitative profiles of phenols and their oxidative forms.
